The effect of adrenaline on the maternal and foetal plasma ACTH concentration of twelve pregnant sheep with chronically implanted vascular catheters has been studied. Adrenaline infused into the jugular vein of the ewe or foetus produced carotid arterial adrenaline concentrations of 1\p=n-\9 ng/ml. The foetal plasma ACTH was 253 \ m=+-\ 73 pg/ml and it showed a fivefold increase during adrenaline infusion; the ACTH concentration achieved was proportional to the plasma adrenaline. In the ewes plasma ACTH was 99 \ m=+-\ 23 pg/ml. During adrenaline infusion to the ewes this rose by an amount dependent on the adrenaline concentration achieved and there was also a rise in foetal plasma ACTH but no consistent change in foetal plasma adrenaline. There was no reproducible change in plasma corticosteroid concentration during adrenaline infusion into the foetus but a rise in maternal plasma corticosteroid concentration during infusion into the ewes. Because the adrenaline concentrations achieved during the infusions were within the physiological range, the results indicate that circulating catecholamines may directly or indirectly influence the concentration of ACTH in the circulation. Also, physiological rises in plasma catecholamines in pregnant animals may stimulate the release of ACTH from the foetal pituitary.
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introduction The early observations of Vogt (1944) on the effect of adrenaline on concentrations of corticosteroid in the circulation in the dog and of Sayers & Sayers (1947) , Long & Fry (1945) and Gershberg, Fry, Brobeck & Long (1950) on the adrenal cholesterol-depleting and ascorbate-depleting actions of adrenaline, suggested a role for the catecholamines in controlling corticotrophin (ACTH) secretion. The absence of a direct effect of catechola¬ mines on the adrenal cortex (Hechter, 1949 ; Vogt, 1951) supported this view. In an extension of these ideas Long (1952) proposed that adrenaline was in part responsible for the stressinduced secretion of ACTH from the anterior pituitary. Recently these observations have been confirmed in the rat where a rise in plasma ACTH concentration occurs in response to adrenaline injection (Kendall, Egans, Stott, Kramer & Jacobs, 1972) . It has been suggested that this is in part the result of the direct action of catecholamines on the anterior pituitary (McDermott, Fry, Brobeck & Long, 1950; Hiroshige, Kunita, Ogura & Itoh, 1968) pos-sibly through the action of a /^receptor (Vernikos-Danellis, 1968) . Despite these observa¬ tions the physiological significance of plasma catecholamines in the control of ACTH secretion is difficult to assess because of the large amounts of catecholamines normally administered. Also it has been suggested that there is an adrenergic pathway in the hypothala¬ mus inhibiting ACTH release (Ganong, 1970 (Ganong, , 1972 Van Loon, 1973) .
In studies on pregnant sheep with chronically implanted foetal and maternal vascular catheters we have observed a rise in both foetal and maternal plasma ACTH (Boddy, Jones, Mantell, Ratcliffe & Robinson, 1974) and catecholamines (Jones & Robinson, 1975) Dawes, Fox, Leduc, Liggins & Richards (1971) . The catheters in the jugular veins were made of polyethylene tubing (internal diameter, 0-86 mm, ex¬ ternal diameter, 1 -27 mm) ; their length of about 2 m was accurately measured in each case. Heart rate and blood pressure recordings were taken as previously described (Dawes et al. 1971) .
Infusions The twelve sheep were divided into three groups. In one group of four, foetal infusions of adrenaline were given, in the second group of four, maternal infusions of adrenaline were given, the third group of four was used for control infusions (one maternal and three foetal). After surgery the sheep were left for at least 5-7 days before observations were made. The adrenaline (L-adrenaline acid tartrate, Macarthy's Ltd., Romford, Essex) was diluted in 0-9% (w/v) NaCl solution reduced to pH 3-5 with HC1 (Aristar grade, British Drug Houses, Poole, Dorset) and infused into the ewes at 12-7 /¿g/min and 9-5 ml/h and into the foetuses at 1-3 /ig/min and 6-6 ml/h for 2 h. Immediately before the infusion the infusion catheter was filled with the appropriate infúsate. In the control experiments 0-9 % (w/v) NaCl solution reduced to pH 3-5 with HC1 was infused into the ewe or foetus for 2 h at the rates described above. The infusion syringes and catheters were covered in aluminium foil to prevent photo¬ chemical transformation of adrenaline. There were no significant changes in the infúsate adrenaline concentration during the infusion.
Blood sampling Foetal (7 ml) and maternal (11 ml) carotid blood samples were collected into plastic syringes, containing 15-20 units of heparin (Boots Pure Drug Co., Nottingham), 60 and 10 min before, 30, 60 and 120 min during and 120 min after the infusion. The blood was immediately centrifuged at 1500 g and 2°C for 20 min then half of the separated plasma was frozen at -20°C until the assay of ACTH and cortisol. In the remainder of the plasma, catecholamines were determined immediately. At the same time that the above samples were collected 1 ml foetal and maternal blood samples were collected into glass syringes and blood gas tensions and pH values determined at 38°C in a model 27 Acid-Base Analyser (Radiometer, Copenhagen). These values were corrected to the rectal temperature of the ewe. Assays Catecholamines were measured by a modification of the method of Haggendal (1962) as described by Jones & Robinson (1975) 
Foetal infusion of adrenaline
Before infusion the four foetuses (gestational age 121-141 days) were normal with respect to their Pa02 (23 ± 3-1 mmHg), PaC02 (41 ± 0-5 mmHg), arterial pH (7-34 ± 0-12), heart rate (167 + 11 beats/min) and blood pressure (51+3 mmHg). Plasma catecholamines were undetectable (i.e. < 50 pg/ml). During adrenaline infusion into these foetuses (0-41-0-44 /<g/min/kg) the plasma catecholamine concentration rose from < 50 pg/ml to 0-8-2-6 mg/ml (mean 1-8 + 0-3 mg/ml), within 30 min, thereafter it remained constant. After the adrenaline infusion the catecholamine concentration fell within 2 h to undetectable values in all but one foetus. The mean values for the blood gas and cardiovascular measurements during infusion were: Pa02, 21-6 + 3-1 (4) mmHg; PaC02, 42-6 + 3-7 (4) mmHg; pH, 7-29 ± 0-12 (4); heart rate, 187 ±21 (4) beats/min; blood pressure, 57 ±4 (4) plasma corticosteroid from a mean resting concentration of 61 ng/ml (55 hg/ml and 67 ng/ml) to a peak value of 172 ng/ml (Fig. 1) . The mean concentration of corticosteroid in plasma of the other foetuses was 11-4+1-7 (3) ng/ml before the infusion and 9-7+ 1-3 (3) ng/ml during the infusion. In three foetuses (gestational age 123-138 days) used as controls, 0-9% (w/v) NaCl acidified to pH 3-5 with HC1 was infused at 6-6 ml/h for 2 h and blood samples were col-lected at the same times as those in the adrenaline infusion experiments. Before the acidified saline infusion, the mean values for the various measurements were: Pa02, 24-3±4-7 (3) mmHg; PflC02, 46-7 + 3-4 (3) mmHg; pH, 7-31 ±0-1 (3); heart rate, 161 ± 14 (3) beats/min; blood pressure, 52-3 ±3-7 (3) mmHg; ACTH, 137 ±29 (3) pg/ml; corticosteroid, 12-6±1-4 (3) ng/ml; catecholamine, < 50 pg/ml. During the infusion of acidified saline no significant changes in any of these measurements in any of the foetuses were observed. after 120 min of the control infusion were: Pa02,23-9 ±2-1 (3) mmHg;PaC02,47-2±2-7(3) mmHg; pH, 7-32 ±0-07 (3); heart rate, 161 ±11 (3) beats/min; blood pressure, 51-9 ±3-9 (3) mmHg; ACTH, 159±37 (3) pg/ml; corticosteroid, 13-6±2-0 (3) ng/ml; catecholamine, < 50 pg/ml. (Fig. 4, correlation During maternal adrenaline infusion there was no detectable adrenaline (< 50 pg/ml) in the plasma of three of the foetuses while in the fourth the adrenaline concentration rose to a maximum of 3-7 ng/ml within 60 min. In all foetuses there was a fall in arterial pH of 0-07 to 0-13 with a mean of 0-1 ±0-02 (4), but no consistent changes inPa02 with a mean value during the infusion of 21-9 ±3-1 mmHg. The mean control ACTH concentration in this group of foetuses was 227 ± 73 (4) pg/ml. During maternal adrenaline infusion this concen¬ tration rose significantly (P < 0-001) so that by 30 min the mean concentration was 536 ± 48 (4) pg/ml. After 30-60 min the concentration fell (Fig. 5 ) but was still elevated after 2 h of infusion (mean value of 379 ± 82 (4) pg/ml). Two h after the infusion the concentration in all foetuses had returned to the control values (mean 187 ± 46 (4) pg/ml). The infusion of acidified saline (9-5 ml/h, pH 3-5) into a ewe 131 days pregnant caused no significant changes in the heart rate, blood pressure, blood gas tension, pH values or plasma hormone concentrations in either the ewe or its foetus during or after the 2 h infusion. earlier experiments on the effects of pharmacological concentrations of catecholamines on ACTH secretion (Vogt, 1944; Sayers & Sayers, 1947; Long & Fry, 1945; McDermott et al. 1950; Hiroshige et al. 1968; Vernikos-Danellis, 1968; Kendall et al. 1972 ). In the foetus rises in plasma ACTH concentration were observed with plasma adrenaline concentrations similar to those seen during hypoxaemia (Jones & Robinson, 1975) . The mean rise in ACTH concentration in foetal plasma was also similar to that seen during hypoxaemia (Boddy et al. 1974; Jones, Boddy, Robinson & Ratcliffe, 1977) . In contrast an increase in maternal plasma ACTH concentration was seen only when the plasma adrenaline concentration exceeded that normally observed during hypoxaemia (0-1-2 ng/ml, Jones & Robinson, 1975) . This difference in sensitivity of the foetal and adult sheep supports the previous sug¬ gestion that the output of ACTH from the foetal pituitary is more responsive to stimulation than that from the adult pituitary (Jones, 1975; Jones, Luther, Ritchie & Worthington, 1975; Jones et al. 1977 ). These results indicate that under some physiological conditions plasma catecholamines could control ACTH secretion. Similar observations have been made in man (Nakai, Imura, Yoshimi & Matsukura, 1973; Wilcox, Aminoff, Keenan, Millar & Kremer, 1973 (Hiroshige et al. 1968; Vernikos-Danellis, 1968) or on the hypophysial portal blood flow (Worthington, 1960; Goldman, 1966; Porter, Hines, Smith, Repass & Smith, 1967) . Direct effects of cate¬ cholamines on ACTH secretion from the isolated pituitary requiring the presence of corticotrophin-releasing factor have been reported (Saffran & Schally, 1955) (Jones, 1976 (Barchas, 1969 ), but it is not known if adrenaline influences the hypothalamic control of corticotrophin-releasing factor production. Adrenaline may also be acting indirectly through peripheral (Naumenko, 1967 (Naumenko, , 1968 or central receptors (Endroczi, Schreiberg & Lissak, 1963; Krieger & Krieger, 1970) (Madill & Bassett, 1973) .
The rise in foetal plasma ACTH during adrenaline infusions into the pregnant ewes is interesting, particularly as no arterial blood gas changes were apparent in the foetus. A 35% reduction in maternal placental blood flow has been observed under such conditions (Rosenfeld et al. 1976) 
